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posterior circulations were separately recon-
structed easily by using PC based reconstruction
software. The 3D MRA also well demonstrated
post-embolization recurrence or remnant
aneurysmal cavities. In one giant aneurysm, the
3D MRA was unable to show the entire
aneurysmal sac due to a blood flow saturation
effect, but this was resolved by additional con-
trast material injection. PC-based 3D MRA
proved to be a useful tool for the pretreatment
planning of embolization procedures and for
follow up after treatment in the case of cerebral
aneurysms.

Introduction

The detachable coil system including
Guglielmi detachable coil (GDC) is now wide-
ly used for the treatment of intracranial
aneurysms, and the number of centers in which
detachable platinum coils are used to achieve
aneurysmal occlusion is constantly increasing.
Conventional angiography is an accepted pro-
tocol for the pretreatment planning and follow
up of patients with cerebral aneurysms treated

Summary

In this study, we present our experiences of
personal computer-based 3D reconstructions of
MRA for pre-treatment planning and post-treat-
ment follow-up for cerebral aneurysms. Twenty-
nine ruptured or unruptured intracranial
aneurysm patients with 36 intracranial
aneurysms, who underwent embolization and
pretreatment and/or follow up 3D MRA were
included in this study. All 29 patients were ex-
amined by DSA and MRA before (18 patients,
24 aneurysms) and/or after embolization (16
patients, 17 aneurysms). The MRA source im-
ages were transported to a personal computer in
DICOM format for viewing, post-processing,
and 3D reconstruction. DSA and PC based SSD
3D MRA equally well demonstrated most
aneurysms before embolization (17 patients, 22
aneurysms). The depiction of aneurysm mor-
phology, neck evaluation and branch vessel in-
terpretation were much easier on 3D MRA,
which has the ability to manipulate images in re-
al time. When the vascular anatomy was compli-
cated by another vascular system, the anterior or
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by coil embolization 1-3, and the number of pa-
tients admitted for repeated intra-arterial digi-
tal subtraction angiography (IA DSA) is also
increasing. Conventional angiography is inva-
sive and carries a 1% complication risk and a
0.5% risk of persistent neurological deficit 4.
The substitution of magnetic resonance angiog-
raphy (MRA) may offer a noninvasive or mini-
mally invasive alternative to conventional an-
giography, which may result in less patient dis-
comfort, morbidity and greater cost savings 5, 6.
The ability of MRA to screen for untreated
aneurysms is fairly well documented 7, 8, and
three-dimensional time of flight (3D-TOF)
MRA is now readily accepted as a noninvasive
screening tool for aneurysmal disease 9, 10. In
terms of safety and image quality, MRA has al-
so been found to be compatible with the pres-
ence of platinum coils 11.

Recently, several PC-based software pack-
ages have been developed to reconstruct med-
ical images from computed tomography (CT),
magnetic resonance imaging (MRI) and other
medical units into real time three dimensional
medical models and other image formats such
as multiplanar reconstruction (MPR), maxi-
mum intensity projection (MIP), volume ren-
dering (VR) and oblique images. During the
last two years, we have worked on assessing in-
tracranial aneurysms before and/or after coil
embolization by using a PC based 3D recon-
struction of MRA, which allowed us to visual-
ize aneurysms at any angle at our own desktop
in real-time and to discuss with our neurosurgi-
cal co-workers in a network environment at
any time. Many studies have been conducted
on the value of MR workstation reconstruc-
tions, but to our knowledge no studies have

Figure 1 An aneurysm located at the right middle cerebral artery trifurcation. A) The aneurysm is viewed at right oblique
projection on DSA. B-D) On 3D MRA, the aneurysm is viewed at multiple projections on the PC monitor. The relationships
between the aneurysm and trifurcating MCA branches (arrows) are more easily demonstrable on the 3D MRA compared
with on the DSA image (A) because aneurysm and each arterial branch can be observed at any arbitrary angles.
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aneurysms), who underwent embolization us-
ing detachable platinum coils and pretreatment
and/or follow up PC based 3D MRA were in-
cluded in this study. These patients presented
with either subarachnoid hemorrhage (SAH)
(n=20) or symptoms related to mass effect
(n=9). Incidentally found asymptomatic
aneurysms were also included in this study
(n=7). All 29 patients were examined by IA
DSA and 3D MRA before and/or after em-
bolization. The pre-treatment 3D MRA were
performed in 18 patients with 24 intracranial
aneurysms. The interval between pre-treatment
3D MRA and conventional IA DSA was less
than one week. Seventeen follow-up 3D MRAs
were performed in 16 patients with 17 intracra-
nial aneurysms. The interval between emboliza-
tion and follow-up MRA varied from one week
to two years (mean = 6.8 months).

Figure 2 A distal ICA aneurysm on DSA and MRA. A) A distal ICA aneurysm is seen on DSA by right ICA injection. B)
On 3D surface rendering reconstructed MRA, the aneurysmal neck (arrow) is slightly broader than that on DSA (arrow).

A B

been undertaken on the value of MRA recon-
struction by universally used PC-based pro-
grams. In this study, we present our experiences
of the use of PC-based real time 3D-TOF
MRA for the pre-treatment planning of in-
tracranial aneurysms and post-treatment follow
up, and compared the results obtained with
those of conventional DSA.

Material and Methods

Twenty-nine ruptured or unruptured in-
tracranial aneurysm patients (23 females and
six males of average age 56 years) with 36 in-
tracranial aneurysms (18 distal ICA aneurysms,
four posterior communicating artery
aneurysms, four anterior communicating artery
aneurysms, six middle cerebral artery
aneurysms, and four posterior circulation
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All of the IA DSA studies were performed
on an Integris V3000 angiographic unit (Philips,
The Netherlands) with a 1024 x 1024 matrix.
All patients were evaluated by conventional
three or four-vessel angiography and additional
angled projection angiography for detailed
aneurismal assessment.

MRA examinations were performed on a
Signa 1.5 T MRI unit (General Electric, Mil-
waukee, USA) or a Magnetom vision 1.5T
MRI unit (Siemens, Erlangen, Germany) using
a head coil. The MRA were obtained using the
three-dimensional Time of flight (3D-TOF)
MR angiographic technique. The imaging para-
meters used were TR 35, TE 7.2, flip angle 20,
section thickness 1 mm or 1,5 mm, FOV 210 x
210, Matrix 200 x 512. Routine 3D-TOF MRA

was performed without contrast enhancement
but in two patients additional post contrast en-
hancement 3D TOF MRA images were ob-
tained.

The MRA source images were transported
to personal computer in Digital Image Com-
munication in Medicine (DICOM) format for
viewing and post-processing, and were then re-
constructed using image processing software,
V-works TM 3.5 (Cybermed Inc. Seoul, Korea).

In order to ensure reproducibility, visualiza-
tion of the MR data was assessed by an experi-
enced neuroradiologist with considerable expe-
rience of image post-processing. 3D-TOF
MRA source images were reconstructed to
three-dimensional shaded surface display (3D-
SSD) images. Generation of whole 3D-SSD im-

Figure 3 The separate reconstruction of anterior and posterior circulation. A) A 3D-SSD MRA shows both anterior and pos-
terior circulations. B) A 3D-MRA reconstruction shows anterior circulation only by selective segmentation and reconstruc-
tion. C) A 3D-reconstructed MRA only shows the posterior circulation only by selective segmentation and reconstruction.
D) A 3D reconstructed MRA image at lower level scan shows another aneurysmal sac in the vertebral artery. When the vas-
cular anatomy was complicated by another vascular system (A), the anterior (B) and posterior circulations (C,D) could be
easily separately reconstructed by PC based software. In this ICA aneurysm and anterior circulation are more clearly demon-
strable by removal of the posterior circulation. The vertebral artery aneurysm (arrow, C) was re-evaluated by another scan
at lower level (D).
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Figure 4 Size measurement. A) The long diameter of multilobulated distal ICA aneurysm is measured on 3D MRA (solid
arrows) and the value is displayed on the screen (open arrow). B) The size of aneurysmal neck is directly measured on 3D
MRA (solid arrows) and the value is displayed on the screen (open arrow).
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ages was completed in about one minute. To
obtain consistent results, threshold levels were
determined using original axial images for ref-
erence to ensure against under- or over-repre-
sentation of vessel lumen.

The reconstructed SSD images were ren-
dered at any angle on our desktop PC, re-
viewed and compared with conventional an-
giograms in a non-blinded fashion by two expe-
rienced neuroradiologists.



We reviewed the DSA and the 3D recon-
structed MRA images with respect to morphol-
ogy of the aneurysmal sac, neck depiction, and
the relationship with the connected vessels. The
neck to fundus ratio of the aneurysm on DSA
and 3D MRA were also comparatively evaluat-
ed in 17 patients with 22 aneurysms, who per-
formed DSA and MRA before embolization.
In one patient who performed both DSA and
MRA before embolization, the neck to fundus
ratio could not measured because the 3D MRA
could not demonstrate the exact aneurismal
neck. The neck to fundus ratio on DSA and 3D
MRA were statistically compared using the
Wilcoxon Rank Sum test.

Results

In 18 patients with 24 aneurysms, and in
whom both pretreatment MRA and DSA were
available, most aneurysms (22 aneurysms, 17
patients) were displayed well by both tech-
niques. The exact aneurysm shape, the shape of
the aneurismal neck and the relationship with
connected vessels were easily demonstrated on
3D-SSD MRA, because the aneurysms were
three-dimensionally visualized from any arbi-
trary direction on our own desktop monitor in

real time (figure 1). However, in most of the
aneurysms (n=16, 12 patients), the aneurismal
neck was slightly broader on the 3D recon-
structed SSD MRA than on DSA (figure 2),
and the neck to fundus ratio measured on DSA
and 3D MRA were significantly different (p <
0.05) by the Wilcoxon rank sum test. When the
vascular anatomy was complicated by the pres-
ence of another vascular system, the anterior
and posterior circulations and right and left in-
ternal carotid arteries were easily and separate-
ly reconstructed by the V-works program (fig-
ure 3). Using the PC-based 3D MRA recon-
struction program, we were able to measure
any part of the aneurysm, for example, its
length, daughter sac size or neck size, which
could not be done on DSA (figure 4).

In the case of one giant aneurysm, the 3D
MR angiographic reconstruction images could
not demonstrate the entire aneurysmal sac,
which was seen on DSA images, and which
seemed to result from a blood flow saturation
effect due to slow and turbulent flow within the
aneurysm (figure 5). However, in another case,
the saturation effect was resolved by contrast
enhancement (figure 6).

In patients with follow up 3D MRA, occlu-
sion of the aneurysms with detachable coils
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Figure 4 C) The size of the daughter sac is measured on 3D MRA (solid arrows). On PC based 3D MRA reconstruction im-
ages, the direct measurements of any part of the aneurysm sac were possible, which could not be done on DSA.
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Figure 5  Blood flow saturation effect on 3D MRA. A) A giant aneurysm (arrow) in distal ICA and another small aneurysm
in the right MCA trifurcation (arrowhead) are demonstrated on DSA. B) The 3D-SSD MRA does not show the entire ICA
aneurysmal sac (arrow) because of flow saturation effect of turbulent flow. The right MCA aneurysm (arrowhead) is also not
seen, and this is thought to be the result of a blood flow saturation effect.
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during the procedures was achieved in a range
from 70% to 100%. On 17 follow up 3D MR
angiograms of 17 aneurysms in 16 patients, six
remnant cavities were detected, which were
thought to be caused by coil packing or partial
embolization. The size of these remnant cavi-
ties varied from 1 mm to 2,5 mm. However, be-
cause simultaneous DSA was not performed,
we could not evaluate the true positive rate or
the exaggeration or underestimation of rem-
nant cavity size (figure 7).

Background sectional images could be as-
sembled in the reconstructed 3D MRA vascu-
lar images, which allowed for the assessment of
the spatial relationship between and aneurysm
and its surrounding structures (figure 8).

Discussion

There have been many reports on the diag-
nostic value of MRA for the detection and char-
acterization of intracranial aneurysms 8-10, 12-15.

However, the majority of studies have been

undertaken on the MR workstation. Recently,
many software packages have become avail-
able for the reconstruction of medical images
from CT or MR. These can be used on desktop
PCs and are usually cheap compared with the
reconstruction programs for MR workstations.
Articles that have reported upon the usefulness
of 3D MRA generally evaluated software for
MR workstations 8, 12-15. However, the software
we used is compatible with normal PCs, and
can manipulate images at any time and place,
and importantly, it is capable of network envi-
ronments at any time.

Using our PC based MRA reconstruction
program, MIP reconstruction or virtual en-
doscopy and SSD reconstruction of MRA were
all possible, although we used the SSD tech-
nique for image post-processing in this study. In
articles that evaluated 3D reconstructions of
MRA, most investigators have relied on the
MIP method for post-processing 8, 13, 15. Adams et
Al evaluated multiple 3D TOF MRA recon-
struction techniques for the pretreatment as-
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Figure 6 3D MRA after contrast material injection. A) 3D MRA image without contrast enhancement shows the irregular-
ity (arrow) of the aneurysmal sac probably due to blood flow saturation effect in the inferior part.
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sessment of cerebral aneurysms in a compara-
tive study involving MPR MRA, MIP MRA,
isosurface rendering MRA, MR source images
and intra-arterial digital subtraction angiogra-
phy (IA-DSA) 12. In their study, they reported
that MIP-MRA was poor compared with other
3D MRA techniques and IA-DSA in terms of
the depiction of aneurysm morphology as well
as neck and branch vessel definition. They sug-
gested that low signal intensity regions of a ves-
sel may appear as “streamlining”, or worse still
may disappear completely on MIP images 16.
Moreover, because the MIP gray scale is de-
rived from the composite value of all the pixels
along an imaging plane, smaller structures, such
as small aneurysms (less than 2 mm) may be as-
signed inappropriately low signal intensities
and disappear on MIP-MRA 12. On the other
hand, they stated that the 3D-isosurface ren-
dering MRA was comparable with IA-DSA in
the depiction of aneurysm morphology, neck
and branch vessel definition. In addition, they
added that the ability to manipulate an image

in real time, the spatial awareness produced by
the shade surface rendering, and the selective
targeting that was required to remove overly-
ing vessels contributed to these results 12. In our
study, the benefits of SSD MRA were similar to
those found by Adams. However, in our study,
3D SSD MRA showed larger neck to fundus
ratios than IA-DSA. In SSD reconstruction,
the threshold set is extremely important be-
cause inappropriate thresholding may cause an
over or underestimation of neck size, which
makes an aneurysm unfavorable or favorable
for coil embolization. For adequate threshold-
ing, meticulous analysis of the source image da-
ta should be performed before establishing the
threshold set for 3D SSA MRA.

Direct size measurement is an important
benefit of PC based MRA reconstruction, and
cannot be done on DSA, because adequate size
determination is required for pretreatment
planning for coil embolization of intracranial
aneurysms. A few authors have reported on the
diagnostic value of MRA for the follow up of

Figure 6  B) The filling defect of the ICA aneurysmal sac is disappeared on the 3D MR angiography with additional contrast
enhancement scan (arrow).

B

Interventional Neuroradiology 8: 169-181, 2002

177



intracranial aneurysms treated by using detach-
able coils 17-20. In these studies, 3D MRA showed
sensitivities varying from 75% to 90% and
specificities from 90% to 100% in the detection
of residual aneurysms 17-20. Moreover, in these
studies, MIP was used for post processing. In
the present study, six remnant cavities, with di-
mensions from 1 mm to 2,5 mm, were detected
on the follow up 3D-SSD MRA. Because we
did not perform coincident IA-DSA, we could
not gain a true positive detection rate of rem-
nant cavity by 3D-SSD MRA using PC based
software, but the results suggest that the PC
based 3D-SSD MRA may be a substitute for
IA-DSA for the follow up aneurysms treated
by detachable platinum coils.

In one of our cases, the 3D-SSD MRA could
not demonstrate the entire aneurysm sac, prob-
ably due to the MR saturation effect originat-
ing from turbulent blood flow within the
aneurysmal sac (figure 5). The saturation effect
was resolved by contrast enhancement in an-

other case (figure 6). Slow and turbulent flow
in giant aneurysms leads to flow saturation and
phase dispersion, which often precludes com-
plete delineation on 3D-TOF studies 21-23. How-
ever, additional contrast enhanced 3D-TOF
MRA reliably shows the aneurysm sac and the
connected vessels 24. Moreover, when a giant
aneurysm is encountered that cannot be shown
entirely on precontrast 3D-TOF MRA, the en-
tire aneurysmal sac be visualized by additional
contrast enhanced scan.

Conclusions

The PC-based 3D-SSD reconstruction of
TOF MRA may be a useful tool for the pre-
treatment planning for detachable coil em-
bolization of intracranial aneurysms and for
follow up after treatment, but the cautious
thresholding is required before post-processing
to adequately evaluate the aneurysmal neck.
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Figure 7  3D MRA follow up of aneurysm treated with GDCs. A) The distal ICA aneurysm is near-completely occluded by
GDCs on post embolization DSA. B) One year follow up 3D MRA shows the remnant cavity (arrows) in the aneurysm
probably caused by compact modification of the coils.
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Figure 8 Back-
ground multipla-
nar MR image as-
sembly. A) A pos-
terior superior
view of recon-
structed 3D MRA
image in a patient
with basilar top
aneurysm treated
by coils one year
before. B) 3D
MRA image is as-
sembled with the
background recon-
structed coronal
MR image at the
level of the basilar
top. Previously em-
bolized coil mass is
seen as a small
area of low signal
intensity (arrow) at
the top of the basi-
lar artery.
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There are bright new capabilities of PC-based workstations in medical imaging for displaying
or processing purposes. This article highlights the PC MIP processing of standard MRA studies
in a multimodality pattern, comparing angio-based and MR-based data. This comparison made
in a “non-blinded fashion of two experienced neuroradiologists” cannot unfortunately strictly as-
sess the similarity of the two PC-based versus Workstation-based reconstructions. The “look and
feel” of the results are not the result itself.

Thus ROC curves might have been helpful to eliminate the suggestive part of the reconstructed
data. Regarding the MR sequence limitations, it is true that the aneurysm neck appears broader in
3D MR reconstruction than in 3D angio reconstruction. This is a well-know artifact due to the
magnetic susceptibility effect of Gadolinium, which in T1-weighted angio RM sequences causes a
partial volume effect on the signal (external sphere effect of Gadolinium-chelate contrast agent).
Similarly, the remnant cavities of 1 to 2,5 mm have reached the resolution limit of the Angio MR
sequence. Any significant morphological structures cannot be described beyond a gaussian kernel
of two to three times the value of the voxel size. So in z dimension, any structure beyond 1.5 x 2
mm=3 mm cannot be taken into account in any computation. This is the gaussian property of
MR. Even if PC-based 3D reconstruction are under a SSD threshold control, this threshold is of
human type and not fully computer controlled. So native angioMR slices may have helped us to
selectively compare both angiographic and angioMR results. Such a progress in medical infor-
mation easy broadcasting has to be highlighted, even if the hardware availability, reliability (and
pricing) may drastically limit its diffusion.
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